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ABSTRaCT

In previous report, we inform-d that the respir.tOrY symptoms wCrU
easily occurred among the people living in Tokyo-Yokohama area and their
moking habits as well as allergic constitution were closely correlated to
the onset of such symptomns.

This time, main interest was subjected to whether air pollutants, such
as sulfur dioxide etc., influence the onset of asthma attack in patients as
well as wpoqpriatal aimnils. In addition, the respiratory e'mptons Pmng the
patients of chronic bronchitis were followed up so as to clarify the corre-
2ation between the incidenoe of then and the environmental factors related to
the air pollution. The results of investigation are suwnalized as follows.

1. The intblunce of sulfur dioxide to guinea pigs was studied on the
experimental , measuriAg the respiratory sensitivity to acetylcholine.
Exposures to 30 ppO sulfur dioxide seemed to increase the respiratory sensi-
tivity to acetylcholine, though statistically not significant.

2. Puonaq diffusing capacity for carbon ~noxide ws measured among
asthmatic patients including slaila type to T-I asthma as well as normal
indidals. No s i ant differences were detected among i of each
group. :cordinS4. it is sugested that thero were no such changes among
astmatic patients Including T- typ as seen In the lung of .ihysma or
aveo-capillary blook.

3. Patients with emluAe broehtis %dtd up ftrm the previous survey
were cosidered to be sensitive to the eigms of air polUtants in the air,
since the respiratory u In thm lmmad In pereLe with the increa-
se of air polWAfts; It.e. *k tl m eles and Ilfur dioxide
in the air.
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INFLUENCE OF SULMU DIOXIM MPWM TIO
EXPERI TAL ASTI. IN1 IMIiA PIGS

Sulfur dioxide in the atmosphere of urban areas has been consider6 to
be one of the causes of the increasing frequency of asthmatic attacks./
The survey concerning the relationship between the concentration of sulfur
dioxide in the aiosphere and the incidence rate of aLsthmatic attacks, which
was presented in this report, has revealed th•at a!;thmatic attacks occurred
frequently in condition of high atmospheric sulfur diozidr concentration in
the Tc1yo-Yokohama area.

In guinea pigs, a dyspneic state resembling h,•tn asthmatic attacks can
be induced by the inhalation of an aerosol of acetylcholine ( = Ach ), and
the ,,iics of breathing during the attacks has been reported to be similar
to man.aii Also, Qxpusw-e to szulur dicade Lncreases airwa7 resistance in
both m=n and guinea pig.l, 4 ,ll) This mechanism might account for the increa.-
sed incidence of asthmatic attacks during conditions of high atmospheric
concentration of sulfur dicodde, since airway obstruction is one of the main
physiologic characteristics of aa• •tic attacks. The parpose of this paper
is to determine hsether, in aina pio, the epoure to sulfUr dioxide
accelerates the experimutal astm IMnuced by the inhalation of acetycholi-
see

The respiration of pamB pIs wus observed by recording the change in
the pressure of the lungs, l4iA was opposite in iM to the pressure change
in the body p1etb*gr ia.• The difference of bronchial sensitivity to
Ach was compared between guinea pVg exposed to sulfur dioxide and others
not exposed.

MAIRAIMS
Nils guinea pigs, WM*I~ang 250g to 300 g. were used.

NMETODS
1. M of pesmre dumn In the lang of guinea p (Rhcording

of alveolar pressure traaing).

A guinea pg we placed in a comfortable sitting position in an air
tight plastic Qylinder (O1a in diameter and 20cm in length), and the pressm-
re change in the qylinder was tranwitted to a sensitive presse trmwfnhor*,
carrier Ifer and direct-witing recorder.*** Snce the total
amount of air in the pletb-ugraphIbn•g Mstem is constant, an increase in
air pressure inside the bangs of guinea pig, as during expiratory effort,
imst cause a decrease in pressure in the remainder of the gas in the plethys-
mograph. The resultant pressure change in the -. id1er muF1 be o:Vosite Ln
sign to the pressure change in the lung, i.e., the a!7co]lar pressure change.
Fi-. I. shows the photograph of the apparatus.

1-ince alveolar pressare is almost equal to "•itripleuml pressure, the
'.;ilue of alveolar pressure was rughtl estizated by xompa.-i the cylindor
!,.• and the Wmt1 zs•e pressure. The latt-r .xz tr'asmitted to a

P;,es.rd1tranxducer by polyethylene c%'rhtoe' inserted into the ploir2.
c;-;±vty. Fig. I1. shows the prossure c6.aoe -ia tC:i bW- piethyiowgrapih and
t* t :' the pleurzal cavity.
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* Differential Pressure Transducer B, Nippon-Kohden-Kogyo Co.
4*Sziborn Carrier PreaMpliier, 350-1100Ob

4* Smnborn Oscillographic Recording System, 964 (M)
**** Differential Pressure Transducer, Nippon-Kohden-Kogyo Co.

2. Aoetylcholinu Inhalation Test in Guinea Pigs.

A uuine solution of I20 acaty1choline ( W/V ) was diluted in 6 test
tubes in serial doubling method. Before the test, an animal wa placed in
the bedy plethymograi* and the pressure dange in the box, i.e., alveolar
pressure change, was recorded contiausly during the several respiratory
cycles. An aerosol of the met dilute solution of acetylcholine was perfused
throe& the plethysigraph box for 4 mimntes. Ismediately after the
in#alation, the pressure change in the air tight box was meamsred. Increas-
ing the concentration of acetyleholine solutions this procedure was repeated
up to a sufficient concentration as to recogds the apparent pattern of
dyspnea in the recording of the alveolar pressure tracing (the dyspneic
pattern of alveolar pressure tracing will be described in the following
pargraph). The mdnimal concentration of acetylcholine solution to cause
dyspneic pattern in alveolar pressure curve was defined as *Bespirator7y
Threshold to Acetylcholine" (RT-Ach).

During normal breathing, tho alveolar pressure tracing was triangalar or
sine wave in fomt, 4) and the respiratory cycles wore regular. During the
dysposic state induced by the inhalation of acetylcholine, alveolar pressure
tracing was rather rectangular in form, i.e., steep and deep inspirstory
descending slope followed by steep oxpiratory ascending slope and gentlely
ascending expiratory plateau with rather long duration, The respiratory
cycles becama frequent and irregular. The change of the normal alveolar
pressure tracing into a dyspnoic one was, in wmsscases, relatively definite,
as shoam in Fig. III. In cases vhere the change in alveolar pressure
tracing was not so definite, the animal wore allowed to inhalo aerosols of
acetylcholine solution with hilhor concentration, and the previous change of
the tracing was assured to be dyspneic, when the tracing recorded with these
higher concentrations of acetylcholino showed the definite djspneic pattern.

Aerosols of acetylcholine solutions wore generated through a Vaponefrin
nebaliser, using compressed oxogen with a flow rate of 61mper iunuto. Large
particles of aerosols wre excluded through a simle filter as shorn in. Fig.
I.# and the sizo of the particles of the aerosols ranged under 3 micre in
aerodynamc diameter.

3. Eposure to &fUr Dioxide

Gainsa pigs were exposed to sulfur dioxide with concentrations of 100
and 30 pla for the. period of 30 mintes. Acetyleholine inhalation tests
were carried out (1) i•..atol after the first exposure and (2) one day
after the & st expouaro the six daily consecutive exposures.

JLTS

The results wore m in nig. IT. and V.

4. 1. The Qcaao of if-Ach of (hiinea Pigs Ekosd to 30 ppm 802 (Fig. XV.)

2
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The mc•. T-Acn of .15 jlixea pDis w-. 5.36 a"hnl bfor.. the c:Vp.su:,-, anr
after the first 30 minutes exposure the mean RT-Ach was 4.67 mI/ml, wtere~as
the moan IM-Ach of 12 control guinea pigs were 4.35 mg/ml and 2.33 rwfrl at
occasions before and after the cxpos•res. The decrease of the mean RT-Ach
of guinea pigs by the exposure was slightly less than that of the mean RT-Ach
of controls in the corresponding period. This difference is not stattstically
significant.

The mean RT-Ach of 7 guinea pigs was 5.00 mg/61 before the exposure, and
after the 6 daily consecutive exposures the mean RT-kch was 1.89 mg/mil
ho.tvcr- th% rZ-f. Z-Ach of 5 control guinea pigs were 4.35 mg/ml and 3.70 mg/
ml on the 3oC--sions before and after the exposures. The decrease of the mean
RT-Ach of gCirea pigs by the consecutive exposu' s, was larger than that of
tho mean RT-Ach of the control in the corresponding period, thou&h this
differenco proved not to be statistically significant.

Atn impression was given that the consecutive exposures of 30 ppm 802
-. ht. increase the respiratory sensitivity to Ach in guinea pigs.

2. The Change of RT-Ach of Guinea pigs Exposed to 100 ppm 302 (Fig. V.)

The mean RT-Ach of 5 guinea pigs was 4.35 mg/ml before exposure, and
after the first 30 minutes exposure the moan RT-Ach was 5.75 mg/6l, where-as
th3 r an RT-Ach of 5 control guinnea pigs were 4.35 mg/ml and 3.7C mgMl on
the occasions before and after the exposure. The mean IT-Ach. of exposed
guinea pigs increased slightly by the exposure, and the mean RT-Ach was
relatively unchanged for the corresponding period. This difference in the
changes of RT-Ach between the treated and control groups is not statistically
significant.

The mean RT-Ach of 13 guinea pigs was 2.62 mg/!I before the exposures,
and alto:, the 6 consecutive exposure the mean RT-Ach was 2.03 mg/mi, where
the mean RT-Ach of 4 control guinea pigs ware 5.00 mg/ml and 4.06 mgml on
the occasions before and after the exposures. The mean RT-Ach of both
treated and control guinea pigs were almost unchanged for the period of the
experiment.

Before Ach inhalation test, 4 guinea pigs which had been exposed to S02
consecutively, showed alveolar pressure tracing patterns relatively similar
to that of dyspnea. One guinea pigs without S02 exposure showed the same
phenomenon. These 4 guinea pigs, except 1, showed lowered F.T-A•ch and some
of them were found to have patchy consolidations in the lungs at autop3y.

DISCUS#ION

In the preo qs contractor's report and following publications 5 s 10
Miyamoto et al. l T have found that exposure to 802 made guinea pigs mr
sensitive to inhaled Ach, i.e., the inialation of lower concentration of
Ach solution was s=fficient to produce respiratory distress in the animals.
In that experiment, the respiratory distress meant respiratory symptoms such
as prolongation of expiAion, tachypnea, irregularity of respiratory rhythm,
frcqaent sneezing, etc..

in this experiment, experimental asthpatic attacks was defined as the
dyspneic state showing definite champ of alveolir pressure tracing from
sine or triangular wave to rectangular one. A., no significant effects of
SO;) inhalation were found upon the experlental asthma, though consecutive

i . -•3
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Wia2atiorn of relative:•- lw concentration of SO eem-- toc..a-- the
RT-Ach, i.e, to pr-%voke experimental asthma more easilyr. On the other hand,
one time exposure to SO had no definite influence on the experimental asthmatic
attacks at all.

The remalts of the S.m-.-ious and present reports suggast that the exposure
to S02 increases b onlhi*.! irritability to Ach, catsing tachypnea, sneezing and
irregularlty of respirsto_. _rhthm, whereas tho.exposure might have relatively
less influence on t, occurence of apparant experimental asthmatic attacks in

gunea pigs.
Our previous report suggested that the polluted atmosphere of the Tokyo-

TYkoham area increases the incidence of respiratory qMuptoms, cou. .ng, knmutum
production, throat irritation and pulmonua function disturbances,, while there
um no increased incidence of airwy obstmotive disease.

It vas reported that there was no sigeficaut difference in the incidence
of infantile a," among the chldrvn living in the air-polluted are and in
non,-polluted. -1 If bronchial asthma as'produced by continou-s bronchi-al

Sirritation, the incidence of the disease should be higher in the air-polluted,
SIndustrialized area, such as the T-Y area.

The present expe.!xnt and the previous survey suggest tVht the pollution
of the air might be onn of the aggravating factors of bronchial astim but
have little part in etiolog7,

The method employed in this experiment. was the obsoervatio, of alieolar
pressure. tracing, and -ws not sensitive enough to detect -.he more subtle changes
of air uW obetrnzction induCed by S02 and / or Ach 1nhaation3, At pro.cnt an
attelý-Tý to aiear-re -wr.r-7 r-)iAc.nce of guinea diract3' i•s "oing or- and the Wre
d&t4ýIlhd study of this t"o, r. be carried out z,:r.

The "_fituence of smitbur dioxide exposure to eI rAfrIntal atý!mtic $týtaehS
was studied i guinea pigs, measiring the respiratory sensiti-ity -1ho acei+-4I.
ine. No s!i-uficant change of respiratory threshold to acey.coi'ne ( 17'tch )
was obser-ed among the groups exposed to various concentrationw of eulfn'
dioxide, though an mpr;ession vus iven that cone=Utve exposures to 30 ppn
sulfur dioxide might increase the respLratory senstivity to aohtylcholine.

The roles of sulfur dioxide exposure were discussed in relation wid
experimental asthma in guinea pis and. bronchial ast n ir. • •ni,.

T - K
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Fig. I. Photograph of •P' ratus

A guinea pig is placed •i body plcthmogmah. Upper tubing connects to
the pressUre transducer. One side-tubing connects to the najie ad the
filter. The other side-t:abing is for exhaust. On recording alveolr
pre-ua tracing, both side-tubings are closed.
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PULMONARY DIFFUSING CAVACITY IN ASTHMATIC PATIENTS WITH AND
WIThOUT CLINICAL F&A YJRES OF ',SO-C.LLED TOKYO-YOKOH;AA ASTHMA.

In 1954, a new envirornmental respiratory disease, so-called Tokyo-
Yokohama asthna, was reported and the air pollution of this area was assumed
to be a contributin:g factor.5) The possibility has been suggested that this

",'Tokyo-Yokohama asthma (T'Z-A)", under certain condition, progresses rapidly
to emp:;sct. '

In )ur pre',4ouc report, we concluded that air pollution in T-Y area is
harm-fl] to :. ro;pi.-atory tract, indicated by increasing respiratory
symptoms 'Lnd distu;"3inr pulmoiary functions.7) The total of 237 asthmatic
patients from our clinic were investigated. These investigations revealed
no cases presenting characteristics compatible with the entity ofithe so-
called T-Y asthma, thlugh some presented quite similar pictures.'ý

In this study, pv2monary diffusing capacity of carbon monoxide was
measured among the asthmatic patients with one or more of clinical features
of so-called T-Y asthma and without them.

Pulmonary diffusing capacity is frequently reduced in chronic obstructive
emphysema, due to destruction of the alveolar and capillary walls, decreasing
the surface area fc: gas change. In uncomplicated bronchial asthma, the
diffusing capacity is relatively normal.1 Z, 21)

The present investigation'mas aimed at knowing if, measuring the pulmona:y'
diffusing capacity, emphysematous changes would be suggested among the
asthmatic patients having symptoms similar to T-Y asthma.

SUBJECTS AND METHODS

The asthmatic patients studied were in- and out-patients in the Depart-
ment of ?hysicalJ Therapy and Medicine, Tokyo University Hospital, 1 who had
episodes o..` parox-yrsal dyspnea and wheezing without apparent other respiratory
diseases. Eight of them presented the history and/or clinical features
sirailar to T--Y asthma, i.e., the initial experienve of asthmatic attacks in
T-Y area after their move to this industrialized area from rural areas,
relief o." asthmitic attacks by the removal from air-polluted T-Y area, and
exacerbation by the return to T-Y area. They were composed of 5 males and 3
females, with the mean age of 25.9 (SD ± 7.2), ranging from 17 to 40 years of
age. Thirty of the asthmatic patients, 23 males and 7 females, presented
noither histo•-y nor clinical features similar to T-Y asthma. The age of these
subjects ranged from 15 to 64 years of ago, with the mean of 34.1 (SD ± 13.9).
Sixteen normal subjects, 10 males and 6 females, were physicians or techni-
cians 1n Tolyo University Hospital. The age of these subjects ranged from
17 to 43 years of age, -with the mean of 25.4 (SD-+ 7.7).

-Im.- diffusi". capauity was measured by Forster's sJgle breath
cc .... ,. ... o....lod as modified by Ogilvie and co-workers. - The measure-
me:.tS :-prC .,e..th a Collins box-balloon rospirometer with a 5-way Rudolph

.,o >.•.• i:-ir'< ,ct gas contained approximately 0.2 percent carbon
m:'xCdc, 10 percent helium, 21 percent oxygen, and the balance nitrogen.
The brcath:olding poric, was about 20 seconds, and an effort was made to
collect the expired gasifast as possible. The carbon monoxide and helium
were analized in the Codart infra-red CO analyoer and the Godart pulmoanalyzer
respectively. The diffusing capacity values presented in this paper rupresont

1.



(1) DLW: milliliters of carbon monoxide transferred per minute per each
millliter of merqiry pressure for carbon mono:ddu, '2' Krogh's coefficient

(KOm) per minute.'ý)* The latter coeffLient -i-e used because many of the
asthmatic patients showed increascd alveolar ".zlnno ax:4 consequently there
was the possibility that their DLCO were ovet-eLtimated.

The diffusing capacity measurements were carried out during the period
of remission from asthmatic symptoms, w-i the su.bjectvs were chw,-ed to be
sure that they were free from asthmatic symptoms before the test.

The chest X-ray films of asthmatic patients wore reviewed for the
presence of emphsematous change, i.e., increased transparency of lurg field,
widening of bory thoracic cage, lowering of the diapharaZm, decreased vascular
markings etc. The findings of the chest X-ray films were -.ouhl divided
into 4 categories, i.e., normal, mildly, moderately, and severely eaphysematous.

* KCO was calculated from DLnO following the equation: KW*- DLr0 X ( BP
- 47 ) / VAO %here BP is barmetric pressure represented in millimeters of
mercury pressure,, md VA is alveolar volnme repesented in mi3iliters.

IOULT

Table I. *uwisies the values for the pulxmary diffusing capacity, other
a function tests and brief history for the asthmatic patients siml

to T-Y asthma.
Fig.I. and Fig. I. show Dr= and KM among the asthtic patients

semilat to T-? asthma, asthmatic patients of ordirnar7 type and normal subjects.
The mean DL'O in the asthmatic patients similar to T-Y asthma was 34.3 (SD :
5.3)m1/min./mfig,, compared with the mean )y,. of 32.4 (SD ± 9.0) ml/min../=fg
in asthmatic patients of ordinay typa, mrnd of 29.4 (SD ± 5.8) ml/bin./miaOg
in normal subjects, There is no -tate.-tic,3_ly significant difference among
these mean values at the 5 purcent level. The nVan KNO in asthmatic patients
similar to T*-Y asth.ra -as 5.92 (S-& ± 1.40) min."-, compared with the am Kn
of 5.45 (H ± 1.34" ' .n.-i in ast1,natic patients of ordinary type, and of 5.04
(SD ± 0.61)i:n:. -- -in nc•'l subjects. There are no statistically significant
differences among Lhesc mean values at the 5 percent level.

Fig. 111., Fig. IV. and Fig. V. show D plotted against oM t.d/FTC,
RV/TLC ratio and TXC /Predicted TLC ratio among the asthmatic patients similAr
to T-Y asthma and ordinary ones. Individual points of asthmtic patients
similar to T-Y asthma were included in the range of ordinary asthmatic patients
in each of the figures. The mean % FItioo/FVC in asthmatic patients similar
to T-Y asthma was 69.5 (SD ± 10.2)%, compared wih the mean % FIV,.o/FVC of
63.6 (SD 1 16.2)% in ordinary asthmatic patients. There is no statistically
significant difference between the mean values. The moan RV/TLC ratio in
asthmtic patients similar to T-Y asthma was 28.6 (SD 1 6.3)%, cocpared with
the man RV/TLC ratio of 37.2(SD t 9.5)5 in ordinary asthmatic patient-:. This
difference is statistically significant at the 5 percent 2.vo. The mean TLC
/Pred. TIC ratio in asthmatic patients simAlw to T-Y asthma was 116.5 (SD I
12.0)%, cwpared with the mean ratio of 127.3 (SD t 23.0)%, in ordinary
asthmatic patients. There is no statisticall:y significant difference between
the man values at the 5 perceit level.

Fig. 71. sunuarises the review of the chest X-ray films. Tide remslts
revealel that asthmatic patients similar to T-Y astla presented relatively
sligat emphyseatou• chanses on chest -ray films.
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- DISCUSSION

Significant decrease in diffusing capacity are invariably seen in
patients with advanced chronic obstructive emphysema. It is believed that
this decrease is related to the loss of pulmonary vascular bed. Also, it is
suggested that differential diagnosis between bronchial asthma and chironic
obstructive emphysema can be established by the presence of a normal diffusing
arcity in asthma as compared with a low diffusing capacity in emphysema.l,2,

One might speculate that some noxious agents contained in the air of an
industrialised area might cause an alveo-capillary block, especially, among
asthmatic patients, who might be sensitized and whose lung might be susceptive
to non-specific stimuli.

Diffusing capacity in asthmatic patients similar to T-Y asthma, like the
ordinary type, was found to be within the normal range or more. These rezul.ts
showed that, as far as pulmonary diffusing capacity w V concerned, bronchial
asthma similar to T-Y asthma was identical to ordinary bronchial authmra, a'nd
suggested that there were neither the changes of lung as seen in chiron..c
obstructive emphysema nor in alveo-capillary block.

Diffusing capacity in bronchial asthma similar to T-Y asthma was
relatively high compared with that of ordinary type, though not signiric::t.
This difference could be explained by the short duration of the disease in the
former, since diffusing capac ty in bronchial asthma has tendency to decri;aou
In the course of the diseaseo.)

The mean 'EV,.o/FVC of asthmatic patients similar to T-Y asthrm was
larger than that of ordinary ones, and the mean RV/TLC ratio and the mcea
TLC/predifted TLC ratio ware lower among the asthmatic patients similar to T-Y
asthma than of ordinary type. These differences could be explained by the
shorter duration and younger age among the former. From these results, it c-Ln
mot be proved that asthmatic patients similar to T-Y asthma have :-,Articu!•,r
tendency to show obstructive or hyperinflative changes in their lungs,
compared with ordinary asthmatic patients.

Individual points plotted in Fig. III,IV and V of the asthmatic patients
similar to T-Y asthma represented by DTPO and ,FEV.*o/FVC, D0 and RViTLC
ratio of TLC/predicted TLC ratio, wereafl in the rahge of those of the
ordinaty asthmatic patients. These results, too, show that asthmatic patients
similar to T-Y asthma can not be said to form a paticular group different
from those of ordinary type.

By performing pulmonary function test including CO diffusing capacity,
%'EVt ,FVC, RV/TLC ratio and TLC/predictod TLC ratio, we could fin" no
significant differences betwoen the moan values of the asthmatic patic;i:, -..ic
had had their initial asthmatic attacks after their move to Tokyo-Yokoh::i.a
area or whose move to T-Y area aggravated their asthmatic symptoms, and of
the ordinary asthmatic patients. The asthmatic patients selected for thai:r
similarity to so-called " T-Y asthma" are ordinar'7 asthmatic patients "ho
only started their initial attacks in T-Y area, and have no change.3 that
suggest emphysema, especially chronic obstruction omphy•oera, a:i comiparcd
to the other asthmatic patients.

SUMM2



Pulmonary diffusing capacity for carbon monoxide was measured among
asthmatic patients simil.r to T-Y asthma, asthmatic patients of the ordinary
type and normal subjects. No significant differences were detected among the
mean diffusing capacity vwlues of each group. The results suggested that, in
bronchial asthmna sikilar to T-Y astluna, like in ordinary bronchi al asthma,
there were neither destructive changas as seen in the lung of chronic
obstructive emphysema nor alveo-capillary block.
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FOILWWt 1P S¶WJDT OF "Thf. L11X VJCj'.I~jCE OF !a~jSPIfA?3.rY
S!NPTOMS VU T2HE GlRC.Z 11 NG CHR:..$,, BRONCILITIS

In the previous reports, we have informed on the results concerning with
the incidence of respiratory symptoms in male workers of a factory of Tokyo-
Yokchama area which were compared with that of a ,nral area, and also have

~4qrmeon the study of asthma patientsa in Tokyo-University Hospital Clinic.
srv 1  her study ws subjected to the follow up of daily incidence of

respiratory soyptoms in the group of chronic bronchitis picked up from the
subjects in the previous survey.

About hundred patients were, osen through the criteria of chronic
bronchitis indicated by Fletcher; such as persistent ccugh, phleip, throat
irritation and :.hortness of breathing since at least three years in their
histories. In addition, persons with reduced .•-Mt.o (under 80 % ) with
symptoms since less than three yearts but over one year were included In this
category.

Those patticns were tai-nec. as t- chec-: zorrectly Sb their po-diar.
ries which were pe.parad by the cont r:-,cor -s shown in Fig. 1 regarding
respfr.ato- -q-pt~oms and related disuvid&:. They w.-re supervised by the
practitioner of th-e ca',-ached 012.nic lozat,- in the factory and also by the
contractor x.u urd Le 'xisit there at last once a month. However, at the
end of ore ye-ir's obser-t- tion, orl'y sixty three patients had coxpleted their
diaries corrict!,y; fro Am -t 1, 1963 to July 31, 1964.

They were teeted their p•pzwiona. function by using Benedict Roth
Respirometer at the begin of December. i94 when sawe tehc and asme
appanrtusms und as in previous survey at Oecezber, 1962. In this occasion;
neumckosis patients diagnosed by X-riy film and normal persons were also

tested as the control.
myirAmt tal data were obtained from the Uwasaki DnIaipal Insttte

Wagine undler koiness of Dr. Terabo, the director of this Ihst~tate. Soe
data were such as monthly determimtion of dust fall in Wm nmth, and
sulfur dioxide n/day/1O6cr 2 PboO which vero the averages of foar spots
located around the factory in near distance; i.e. Chkawa Cho, OW •achi,
Minomi Oda and Kokar.-dori. dail

Besides, daily data such as visibility in k,,^,mean air flow f q/"-
second, mein index value of suspended particles in the air anM mean content
(ppm) ef vaufur dioi•- fron the vattomatical air samplers were presented for
u.e, so that &ýiky co'relaticn betweer the incidence of symptoms and data of
those items was analys:d.

RESULTS
1. The monhy variation of positive rates of respiratoY symtom

elted to the air pollution.

The qmptom-dt.,.ry wabs inspeted carefully regardig tlma hasai'
of coughing, phlop, messing and throat irritation per month for all 63
patients who completed their diaries throuh a year rmind. All rates of
incidences of -y. bow and the monthly quantity of dust fall and wifor
dioxide frm the air are shown in Table I and Fig. 2.

As dwm in NiZ. 2, the incidence cumos of coughing, * P,
and throat irritation, wore somChow par-all to that of dust fall or mifur
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dioxide during August to March. For clariying the correlation, the correl&-
tion coefficients were calculated and analyse statistic2.ly, and results were
presented in Table 2 and Fig. ".

Through statistical al.alysis, th3 .cidcnce of sr- •zing was positively
related to the incrcice of qiantity of '.- izt fall on the significant risk of
under 5%, -rnd the.' i-.ide..' o phl-esa_ %.nd sn . -ing were positively related
to the increase of rtn'.ntity of zalfur dioxide only when data were limited in
August to Yarnh. However, ohter- combinations b, tween then were not correlated
sigaifi !ar&tly.

2. Daily correlation of symptoms and air pollution factors.

The daily incidences of phlegm or coughing in the a;j)ctcd Znroap were
foilowvd up and its variations were measured from the d.ily average of moving,
fifteen days incidence and evalueted as excess or di-,:Inution.-L) Those daily
differences were compared with the data of visibility, moan air flow, m flu

index of suspended particles in the air and moan content of sulfur dioxide
in the air.

The correlation charts are shown it. F sg. 4 and Fig. 5. In the column of
phlegm and coughing, thenmouthly changing aurves of wIai lines are indicated
as the fifteen days avarage linres waei :'al ;-re s._ard lines for calculating
the daily differences of sympton incl.d-nces. This method using fifteen days t
average is designed for excluding "_ bia& fron seasonal variation, social
hazard and others.

%hen the incidence of phlct,, or coughing or the incidence of occurring
either phlegm or cughing arc compared with the daily index of suspended
particles or content of sulftr dioxide, the correlation coefficients between
them are as sown in TaoIci 3. '.as the observation of sulfur dioxide in the
air has done only in May and June, data for calculation wore 58 in number as
shown in Fig. 5.

In this Table 3., the correlation between phlegm and the index of b
suspended particles was nearly significant and other correlation were failed
in getting significancy. Accordingly, suspended particles in the air is
considered to influence to the severity of chronic bronchitis.

3. The change of % FEi,.o in the workers of Tokyo-Yokohama areaduring
two years distatice of tine.

As stated in the introducing paragraph, the patients of chronic bronchi-
tis , pneumokoniosis as well as normal persons were tested in piulmonna 7  n
function at the begin of Dec.zbor in 1962 and 1964.

During two years of period. son.s one showed an increrse and "ther showed
a decr'asc on a v-lue of '( F,.. . cordingl', the dif'f.renc'ibtween the two values

of the same pers:nr. was classified into Qne of eilffcr.nt colurns %hich wcre
divided in o-lry 5 % of differencu; i.e. -15 to -10, -..0 to -5, -5 to U, 0 to
+5, +5 •o +10, +10 to +15% as shown in Pig. 6. and Table 4. In addition, the
subjects were also classified separately 4w-chronic bronchitis, pneumokonic-
sis ard normal persons. J•

'When the three distributii, curves are compared, the peak of chronio
bronchitis and pneumokonio!is arzi located in the cl"3a of -5 to 0 4" dIf2'i...r.!n-
ce, while the peak of normal perscns are in t~he class of 0 to +5 1 diff.-ence.
According to statietical analysis, Those difference a -.inifica.t- .p -. risk
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previous survey, patients of chronic bronchitis were sensitive to the change
of air pollutant %-In the a*r. Accordingly, the respiratory spqtmo ere
increased in patient group parallol to the increase of air pollutant *l-*h.
air. Consequently, obstructive disturbance measured by % flV1 .o was slIghtly
developed in patient group during two years.
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Table 2o The correlation coefficients between the
monthly incidence of symptoms due to

chronic bronchitis and the environmental

Sfactors.

Environmental factors

Symptoms Dust fall in Sulfur dioxide

Ton/km2 /month mg/day/1OOmc2 PbO2

Coughing + 0.301 + 0.343

Phlegm + 0.321 + O.4I80

Sneezing + 0.579 * +0.4585

Throat irritation + 0.403 + 0.276

Note: The values of sulfur dioxide were gained from

monthly determination.

..... significant risk under 5%.

S. significant only in group of fir•t

8 months.
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